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Richard Brooks / DECC / Head of Business Development
Renewables Deployment Team

John Buckley / UKTI / Renewables Adviser
Peter Poon / Romax / CEO
Xiaobing Hu / Romax / Sales Director

Robert Rawlinson-Smith / Garrad Hassan & Partners / Marine
Renewables Group Leader
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Joseph Hussey / Wind Prospect
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Gareth Davies / Aquatera / Managing Director
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Michael Starling / BMT Fleet Technology / Principal Consultant
David Hunt / Ocean Navitas / Managing Director
James McCague / Ocean Navitas / Technical Director

Alistair Knight / Ocean Navitas / Business Development
Manager

Fraser Johnson / Orecon / Technical Director
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Conclusion of the 4™ Round Table Meeting

In today’s discussion, several important conclusions have been
made. Here, | want to summarise some of them.

About offshore wind, further seminars should be organised.
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We would like to invite UK experts to visit Taiwan to discuss and
exchange expertise. We would like to request UK’s assistance to
initiate training programme for workforce and for design and
planning of offshore wind farms. Possibility of joint activity for
China’s market is an area which we can explore for mutual benefits.
Most importantly, concrete development projects to cooperate with
UK companies are expected with Taiwan’s new tariff rates for
renewable electricity.

As to marine energy, fostering a manufacture industry is one of
our targets for developing ocean energy. This is an area which both
Taiwan and UK can cooperate to seek lower cost and better
performance. \We agree to set up a marine energy promotion group
to foster concrete collaboration on both commercial and academic
bases. Furthermore, Taiwan will work out a comparison on mutual
strength and weakness to explore further areas of cooperation.
Taiwan has recently established a new marine energy research centre
and testing facility, | cordially welcome your visit.

About fuel cells, both UK and Taiwan agree to seek further
cooperation in this important emerging area. \We agree that Taiwan
as the preferred manufacturer of fuel cells for UK companies is a
common interest. We agree that code and standard are essential to
the commercial success. Further endeavours will be seek in this
aspect. Joint proposals by UK and Taiwan under JTI or FP7
framework could be considered.
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Dr. Henri Winand / Chief Executive / Intelligent Energy

3. Mr. John Buckley / Global Value Chain Specialist / UK Trade &
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1. Dr. S.Y. Poon / Managing Director / Romax Technology

2. Dr. Xiaobing Hu / Director of Business Development / Romax

3. Ms. Suzi McCracken / Business Development Executive /
Romax Technology

4. Mr. John Buckley / Global Value Chain Specialist / UKTI
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1. Ms. Lisa Dodds / Business Development Manager - Wind and
Marine / NaREC

2. Dr. Jamie Grimwade / Technology Specialist - Marine / NaREC
3. Mr. Steve Abbott / NaREC

4. Mr. John Buswell / Project Manager / Clipper Windpower
Marine, Ltd.

5. Dr. Emma Toulson / Project Manager Offshore Renewables /
East of England Development Agency
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1. Dr. Chris Dowle / Commercial Director
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{Wind Power 1)

BEH I FEHEF L B RS RO

Proposer Mechanical and Systems Research Laboratories of the
Industrial Technology Research Institute

BEE AR A EE kB g E

Discussion Issue | Development of the Offshore Wind Turbine Drive Train
Technology
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Explanation:

The complicated loading is a reason resulted in component failures of
onshore wind turbine drive train. This problem will be more serious for
offshore wind turbine drive train. The other reasons induced wind turbine
drive train failures are inaccurate models, incorrect bearing selection, and
dynamic effects of wind turbine. Considering the non-linear wind loading,
non-linear control actions, and non-linear wave loading, the integrated
time-domain model with flexible and dynamic structure must be developed
to simulate the behavior of offshore wind turbine drive train and to improve
the reliability of offshore wind turbine drive train.

é‘,z‘t‘p\g\:

1. 3k 4 4@ d % Sk 3
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Details of Cooperation:
1. Design technology of Offshore wind turbine drive train.
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2. System simulation technology for Offshore wind turbine drive train.

ZRE T
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Suggested Method of Cooperation:
1. Seminar

Co-organize seminars in which scholars from both Taiwan and UK will
be invited to discuss the topics include the design technology of
Offshore wind turbine drive train.

2. Technology Transfer

This year, we already transferred test technology for wind turbine drive
train from Romax Corp., UK. Romax has also been an expert in the
dynamic simulation for wind turbine drive train. We hope to propose a
new technology transfer project for establishing the related
technologies in Taiwan.

- 7 Taiwan 7= K UK

ERYE ITH % -
Suggested Discussants/ |~ ﬁfr’t‘(lTRl) Romax
Potential Cooperators L~ % #(TECO) Univ. of Manchester

S #p £ 1 (FHI)
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{Wind Power 2)

E - I EHEE T RS AT T AT

Proposer Mechanical and Systems Research Laboratories of the
Industrial Technology Research Institute.

BEEEL AR THEH

Discussion Issue Development of the offshore Wind Farm
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Explanation:

To test the wind conversion technologies at deep waters offshore, Talisman
(UK) installed two 5MW wind turbines in Beatrice offshore wind farm 22km
off the northeast coast of Scotland. In Taiwan, Taipower company is
planning the offshore wind farm (including demonstration program) off the
southeast coast of the Penhu Islet and would like to learn the following
issues from the experiences of the Beatrice project:

(1) The O&M plan specific for the offshore wind turbines and the database
constructed for the analysis of the O&M activities.

(2) The cost model for O&M.
(3) The environment impact analysis.

(4) Any occurrence of the conflicts between this project and the local fishery
industry or fishermen and the approaches to resolve the conflicts.

(5) Based on the background that EU financed the Beatrice project by
41million EURO. Does Talisman need to feedback EU from the sales of
the electricity production?
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(6) In case that a wind farm project is funded by the government or EU, Will
the government or EU legally own the wind farm or will the ownership be
transferred to the private sectors?

< e

Ve & IEp E

1. Bp-h 3B # T

2. MALR A8 % AL EE
Content of Potential Cooperation:

1. Offshore wind farm demonstration
2. System design technology of the offshore wind turbine
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Suggested Method of Cooperation:

1. Seminar
Co-organize seminars in which scholars from both Taiwan and UK will be
invited to discuss the topics include the design technology of Offshore
wind turbine system.

2. Technology Transfer

In the past three years, we already transferred control system technology
and offshore wind system feasibility study from Garrad Hassan Corp.,
UK. And also transfer drive train design technology from Romax. We
hope to propose a new technology transfer project for establishing the
offshore wind farm development technologies in Taiwan.

R £ G =% Tawan =R U

Suggested Discussants/ ;\ E_ﬁ E(:TRI) Romax

Potential Cooperators ~ TR b#(TECO) Univ. of Manchester
o =P faf'_ 1 (FH')
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{Wind Power 3)

BEHE 1 EFEHF] i B R T AT
Proposer Energy and Environment Laboratories,
Industrial Technology Research Institute
BEEEL bt o N VA
Discussion Issue Promotion of Offshore Wind Development in Taiwan
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Explanation :

In establishing supply chains of construction, operation and maintenance for
offshore wind farms

> When developing a supply chain of marine construction and its
equipment, what kind of strategic problems were countered in UK? What
Is the most important experience during dealing with those problems?

> What are the essential issues in developing a fully-operational
self-sufficient maintaining fleet for offshore wind farms? Could you share
some experiences with Taiwan?

SIEpN F REER S (F N

L3RRt LR A5 18 M sl B R A

D LAAPME mR A AFROPED RSB AE S A BV Ma 2 Rl
R E 1 P o

Details of Cooperation or Suggested Method of Cooperation :

1. UK assists Taiwan with strategic planning for establishing supply chains
of marine construction, operation and maintenance in offshore wind
development.

2. If possible, UK and Taiwan initiate a long-term training program by

sending Taiwan engineers to UK to join the offshore wind development
projects.
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{(Marine 1)

BxH I EFEMF T e RERBF T AT
Proposer Energy and Environment Research Laboratories,

Industrial Technology Research Institute

BEL

AT AE LA L

Discussion Issue Wave energy development and industry impetus
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Explanation:

Taiwan has wave potential energy about 10~15kW/m. Can the
economic benefit be increased by choosing the suitable WEC device
for Taiwan?

Should a Taiwan-UK marine energy promotion group be formed to
facilitate the possible cooperation between both sides?

Should WEC industry impetus take place now when the maturity and
the commercialization of the technologies are not quite ready?

How should the impetus be implemented? What are the obstacles
lay ahead?

Ly

(N e TN S
RELEBALNERRES ) BEIRAES ABELREE L DgIF,
EOREEYE - TR FFITAE AR 2 FHEFRYE P

AT REFTH LTI BE I BEHH T2 i

B4 s T~ & GIS 2 om enflgis o

‘@/ﬁ»/\s ;F:;}t‘t.%_ Fm;ﬁ’rﬂ’?’f'l"lfj’r'/%/q/m’aﬁfﬁ»/\ﬁ ?,%‘t.%.?:;l'
b 5]13‘} r,;f'/#%“g-fﬂ"? ;’tfﬁ#{?/ﬁjﬁé

EREWE CEFRARGFTAPMBENT LT H 2 F4 2 o

\

I W

G t\‘&r
M &

40




Details of Cooperation or Suggested Method of Cooperation :

B Form a Taiwan-UK marine energy promotion group to facilitate the
possible cooperation between both sides. UK can provide
know-how on the device, anchor techniques, operation and
maintenance, grid connection, and farm planning, etc., and Taiwan
can provide the technologies on generator, electronic parts, ocean
engineering, floating and anchoring analysis, numerical simulation,
information technology, and GIS, etc.

B Join UK WEC development companies to design and build the
specific device for Taiwan’s wave climate. Import the device to
Taiwan for deployment and testing.

B Start the scholars and students exchange programs between
academic and research units in Taiwan and UK.
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{Fuel Cell 1)

BXH > ;;}iﬁh—,{ﬂ%}‘m AR E IR B 132"”1‘

Proposer Energy and Environment Research Laboratories,
Industrial Technology Research Institute

AL B QR R T RS A PR  IF

Discussion Issue | PEMFC Demonstration/Validation & Next-generation
Technology Research Cooperation
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Explanation:

PEMFC applications in backup power, specialty vehicle and combined heat
and power markets have started to show good economic and
energy-saving/ emission reduction potentials in preliminary field trials.
Public and user acceptance of this technology must be increased further to
reach the scale of economy, which can be a must-have foundation for the
transition to hydrogen transportation applications.
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Details of Cooperation or Suggested Method of Cooperation :

m Both sides (industry/R&D Inst./Academia) collaborate to conduct
PEMFC systems demonstration/validation in Taiwan and UK

m Both sides (industry/R&D Inst./Academia) collaborate to carry out joint
development of PEMFC niche products for the EU market

m Both sides (R&D Inst./Academia/industry) collaborate to conduct
investigation into PEMFC durability issues and/or next-generation
PEMFC technology (e.g. under the FP7)

m Key technologies transfer from UK
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{Fuel Cell 2)

BEHE 3 F#EEgy af

Proposer M-FIELD Energy LTD.

AL AT S E T T4 ARKE

Discussion Issue | Fuel Cell Back-Up Power system Verification Project
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Explanation:

Fuel Cells have been proven the superior solution for Back-up Power. The
communication industries have started installing Fuel Cell System as the
next generation back-up power source. United Kingdom possesses
excellent international marketing ability, while Taiwan has strong
manufacturing and system integration capability. UK and Taiwan can
establish the Fuel Cell system testing and verification projects together.
With the data proved by the projects, industries in both nations can
collaboratively develop global market opportunities.
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e e
Details of Cooperation or Suggested Method of Cooperation:

UK government establishes Fuel Cell UPS system demonstration and
verification projects for telecom cell site, switching centers etc. Before field
test, local lab-test is necessary, for example CPI lab certificate. After
long-term & verification with certain quantity, we can build industrial
standard and certificate in fuel cell UPS product. Besides, UK has ability to
expand it to IEC or other worldwide standard.
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{Fuel Cell 3)

E - il PETIWERRG LD AT RSP
Proposer Renewable Energy RD Center,
Chung-Hsin Electric & Machinery MFG. Corp.

EREHE TTEH %
Suggested Discussants/ | Ceres Power
Potential Cooperators
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Explanation :

v' The Ceres CHP product is designed to generate all of the heating
and hot water and the majority of the electricity needed by a typical
UK home.

v" The vast market for mCHP systems can be opened up by Ceres
Power’s technology.

EiFp F vz &7 50 ¢
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Details of Cooperation or Suggested Method of Cooperation :

v" Close-knitted business relationship established through LPG-based
reformate technology development.

v Gaining know-how of controlling BoP component supply chain while
using boiler partner‘s supply chain for standard parts.
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{Fuel Cell 4)

HEE YETISHOLR I P AT RS Y
Proposer Renewable Energy RD Center,

Chung-Hsin Electric & Machinery MFG. Corp.

R E ITH %
Suggested Discussants/ | Intelligent Energy
Potential Cooperators
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Explanation :

v Intelligent Energy’s fuel cell stacks and systems have been designed
from first principles and combine novel fluid and thermal management
techniques and integrated humidification with metal bi-polar plate
architecture.

v' |IE’s advanced fuel cell power systems are more compact and far

simpler than conventional fuel cell systems and are easily integrated
within a diverse range of applications.
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Details of Cooperation or Suggested Method of Cooperation :

v' Leveraging IE’s integrated humidification and innovative cooling
system through OEM contracts signed, which further reduces our
future component count within the stack, and eliminates much of the
conventional BoP components.
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{Fuel Cell 5)

FerE PET IS AS ATiREE Y
Proposer Renewable Energy RD Center,

Chung-Hsin Electric & Machinery MFG. Corp.
EFREP L TH R Johnson Matthey
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Explanation :

v' JM's application preferred leisure and military plans, and its battery
charging system R&D has already entered late stages

v" The UK gov't subsidy of stationary fuel cells would be beneficial to
LPG-based urban CHP fuel cell market

v" Focus on low-carbon and CO2 sequestration should accelerate demand
for reforming technologies

v' Heavy proportion of emissions control system for power plants
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Details of Cooperation or Suggested Method of Cooperation :

v' Seek for supply or tech transfer of precious metal nano-coating for
catalyst, which is helpful for lowering cost of reformate technology

v" Procurement of reformer, which would assist lowering carbon footprint
when FC system is deployed, since JM’s “Sustainability 2017 Vision”
has effectively reduced carbon footprint during the upstream value chain

v' Experience exchange of residential CHP and military BPS
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2 = ~ Opportunity in Offshore Wind Energy (# #7313 ff 4r)
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¥t it = ~Ocean Wave and Current Energy Development in Taiwan
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it = ~ PEMFC Demonstration/Validation & Technology

Development in Taiwan (it & #7313 f§ 4F)



it 7 ~ UKWind Energy (Wind Prospect Group 31 % f§ %)



' i+ = ~ The State of the Global Fuel Cell Industry and

UK Expertise (Fuel Cell Today 3! % #f 38)
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Research Institute

The Fourth Taiwan-UK Renewable Energy
Round Table Meeting

Opportunity in Offshore Wind Energy

Dr. Alex Tong
Deputy General Director, MSL/ITRI
October 8, 2009
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Policies encouraging offshore wind Energy in Taiwan

B \Wind energy selected as one of the key renewable energy
industries for Taiwan in 2007 SRB meeting

B \Wind energy identified as one of major industries to be
supported by government R&D fund in National Energy
Conference 2009

B “Renewable Energy Bill” passed in June, 2009, providing
new incentives for renewable energy deployment, as well as
technology development
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Goals for Renewable deglozment In Talwan

B Renewable Energy shall contribute 15% in terms of installed capacity by 2025.

Year 2008 2010 2015 2025
Renewables
Installed . Installed . Installed .| Installed | Rati
. . Ratio . Ratio . Ratio .
Installed Capacity | Capacity (%) Capacity (%) Capacity (%) Capacity | o
(MW) (MW) (MW) (MW) | (%)
1.Hydropower 1,939 5.05 2,168 5.7 2,261 5.1 2,500 4.4
2.Wind Power 358 0.93 980 2.6 1,480 8 3,000 53
3.Photovoltaics 4.08 0 31 0.1 320 0.7 1,000 1.8
4.Geothermal 10 0.0 150 0.3
5.Biomass 772 2.01 741 1.9 850 1.9 1,400 2.5
6.Fuel Cell 50 0.1 200 0.4
7.Marine Power 1 0.0 200 0.4
Total 3,073 8.0 3,910 10.3 4972 11.2 8,450 15
*x Source : Bureau of Energy, MOEA
TR 4
Ragearch Ingituta " . .
Wind Resource ~ Challenge and Status in Taiwan
ERich in wind energy, at least 9800-3200
4,800MW potential. (Onshore: full load hrs

1,600MW, Offshore: 3,200MW)

BQOperating wind projects statistics
Update : 2009/08

- - 2400-3000
ind Farm
full load hrs. o B coast and
Wind Turbines 200 aK = RS o rca contain
) A, . R terrain and
Acc. Capacity 380MW = | - (| by earthquakes
Annual Production 1,000 GWh . phoons
Supply 250,000 households ‘ :
3300-3900
full load hrs

1800-2400
full load hrs

Typhoon

Source : Japan Meteol. Agency, IMA s g

* ‘Barthquake >2500 full load hrs ~ Source : ITRI
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B Complete wind turbine supply chain established.
M Cross-strait linkage providing a growth-engine for the industry

Status of Wind Power Industry in Taiwan

Machinery Corp.

Fortune / Shihlin

(transformer)

Grass fiber

Swancor Ind. Co./
Taiwan Glass/
Chungye
Carbon fiber

Blade, Nacelle

Control System
TECO /Aerospace

Ind. /Cell Power

Cover

Atech Composites Co.

Formosa Plastics
Resin
Eternal Chemical

Tower

China Steel Machinery

/Sheng Chung

Hub

Yuan Jun Fong /
China Steel
Machinery /Yecon
Ind./Yeong Guann

Source - ITRI (2009/10)

Fortune Electric
Luxe Electric
Star Energy Power
Aerospace Industry
Development Corp.

Raw Material .| Component/ o| system Wind Farm Wind Farm
sub-system i Contractor Operator
Steels Power System Gearbox TECO Chung Hsin Taiwan Power
China Steel TECO/Tatung (Formosa/CSBC) Electric Co. Electric & InfraVest
(generator) (Developing) Machinery Mfg. HoPin

Generation Corp.

IEREEMTAT ISR
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Energy

Resource

Tour and green energy industries for local economy

revival.

solar energy

Opportunity--Peng-Hu to be a Low-Carbon Island

a low-carbon show case, an international vacation attraction.

solar water
heater

INCE TS
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“ Offshore Field around Penghu Archipelagoes

» Average annual wind speed : 7.5~8m/s; the capacity factory of
onshore ChunTun wind farm : 45%

» Undersea power cable between Penhu and Yunlin with
transmission capacity of 400MW (161kV) to be commissioned in
2014.

» Water depth about 20m providing a good site for establishing
offshore wind farms.

=
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"Otfshore Wind Farm Demonstration Project under Evaluation

Onshore Project Offshore Wind Farm planed by TPC
Operating/ Under construction | 10.2MW PITTITT I - e
n planning by TPC 42MW __'-3|\/|W*40:120|\/|W

n Planing by Private sector 32MW

s ’
.
AT \ Offshore Wind Farm Demo

. Project to lead the way

\
<~/

i Party invited :

Mott MacDonald ~ BMT ~ GH
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Collaboration Proposal

B Offshore Wind Farm Demonstration (Development, Building,
Operation, Risk evaluation... )
Contracted :
» BMT /Guidelines for the Feasibility Study of Offshore Wind Farm
» GH /Feasibility Study for Offshore Wind Turbine System Design
Potential Contracts : Offshore Wind Farm Demonstration Project

B Technology Cooperation
Contracted :
»GH /Bladed Software ; Control System
»Romax /RomaxDesigner Software ; Gearbox Test Rig Design
Potential Contracts :
> System design of the offshore wind turbine
»Designing large offshore wind turbine drive train
»>design and operation of offshore construction vessel

M Industry Cooperation
»Components OEM

» Industrial cooperation and information exchange through the channel of
Taiwan and UK wind energy association.

TERERIRRFIRR

Industrial Technology
Research Institute

UK Taiwan

THANK YOU FOR
YOUR ATTENTION

10




2009 Taiwan-UK Renewable Energy Round Table Meeting

Ocean Wave and Current
Energy Development
in Taiwan

Chih-Wei Yen
Industrial Technology Research In

October 8, 2009 .

Outlines

Potential Area of Wave and Current Energy in Taiwan
Tidal Current Energy Present Development

Tidal Current Development Goals

Wave Energy Present Development in Taiwan

UK Aquatera Ltd. Help Determined Taiwan’s WEC
Development Pathway

Future Wave Energy Development Strategy of Taiwan-
UK Cooperation

Challenges




VAR

Potential Area of Wave and Current Energy in Taiwan \

~ Potential capac t_..L-: ot Taiwan

JLEd r'"‘]"’ _J/

el . 10~15kW/m Ty 2
—energy il .‘ﬂ Ly Pen Hu bri&ge 1;;;;"9
Tidal  0.78~1.05m/s %

Current (Penghu Channel )

S e
AT e ( Eastern offshore )

(Kuroshi
SuUroshio)
KRUrosnio)

- F)”J .ential Sites 'rJ ee right ".Jj’-,_f'il_f'i_i.f'."r-]') .I i Kuroshio current
s Sianig N\
No practical device mstalled

- Green laws passed in Taiwan
Legislature

Tidal Current Energy Present Development

W Tidal Current Potentia'l Side m National Cheng Kung University

Turbine

- [ Wind-power
generators Darrieus
T . -

THL
Turbine

Testing of the vertical-axis turbine
Pen Ilu Sea.  With low velocity high-torque model

:




Tidal Current Development Goals

On-site testing

Continue R&D effort

industry
incubation center launch commercial operation
Continue R&D effort

high-efficiency generator

TR

Wave Energy Present Development In Taiwan ‘

= ’ | 48 L
7 i |
BRI TTTTTIT g

SRR RS DRSS @R




UK Aquatera Ltd. Help Determined
Taiwan’s WEC Development Pathway

Selected Pathway

>small-s

>ale offshore test de
of a new tech

ployment

QJQfJ/

Finalists

5 --‘-*.Wwa'lmﬂﬁama

UK

Canada

Future Wave Energy Development Strategy'
of Taiwan-UK Cooperation

Execution
Strategies

Technology Assessment
and Selection

WEC Device Capacity Verification
Domestic Research & Development
Through International Cooperation

Joint Deployment and Testing
Detail Planning
Domestic Device Tank Test

UK and Domestic WEC Devices
Deployment and Test Comparison

Taiwan-UK
Cooperation Items

m Site Characteristic Analysis
B Technology and Device Selection
B Next Stage Planning

B Engineering suitability assess.
B Project feasibility assess.
B Confirmation of project specific.

B Device Design and Construction
B Deployment Preparation Planning

m Device Deploy and Test
B Device Technical Exchange
B Domestic Device Deployment

Tens kW WEC Pilot Plant Demonstration and Operation
MWs WEC Power Plant Planning

Midterm
Goals




Challenges

B Typhoon: Potential areas located in the path of typhoon, which

makes the underwater deployment, construction and maintenance
more challenge.

B Earthquake: Shallow earthquake in the coastal area is likely to
cause sea bed pileup and dip slope collapse -

B Bathymetry and Topology: High potential area of Green Island

Kuroshio is located in the area of water depth over 200m and with steep
terrain, which make the installing and maintenance of generator more
difficult.

Thank You for Your Attention
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PEMFC Demonstration/Validation &
Technology Development in Taiwan

Fanghei Tsau
Energy and Environment Research Laboratories, ITRI

Taiwan-UK 4t Renewable Energy Round-table Meeting
OCtOber 8, 2009 Copyright 2009 ITRI T 254 /iF ek
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Global Trend & Status

® Fuel cells market was projected (2007) to grow significantly
after 2010

@ Stationary applications outside of industrial sector
represent the largest potential market

[=f £ 53 BT FHE R RCAGR -
et — p . s cic US Fuel Cells Market Projection
so00 e FUEL CELL DEMAND BY MARKET, 2012
oun L % ($975 million)

35% Power
6000 - G—é-‘;aratlcn
ik 48.2%
5000 i
25% /
4000
2% /
o 2500 15% g‘;e By
Asrospace
200 o 3.6%
Motor
000 56% % Vehicles
i b % Backup
o - - i 0% Portable Power
2004 2006 2011 Electronics 205%
13.3%
FH A ¢ Freedonia Group(2007/05) ¢ I Wi IEK(2007/08) Source: The Freedonia Group, Inc

1. 55% market share for non-industrial stationary applications in 2006
2. 40% market share projected in 2016
Copyright 2009 ITRI T 255 liioek
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Global Trend & Status (cont’d)

® US triples its subsidy to US$ 3,000/kW or
up to 30% of the overall installation cost.  New Small (<10 kW) Stationary FC Shipments

5000 -

® Japan begins to subsidize residential
PEMFC CHP system purchase (up to 4000
40%), projected market size exceeding e 79%
US$ 200 million in 2009 (6000 units) and
US$300 million in 2010 (10000 units).

® Niche markets of backup power units and _- . I
forklifts could reach US$ 2 billion in 2012.  °°

2000

2005 2006 2007 2008
o o *3 . 8 et S
One Year Market Projection of Ballard Co. Global Backup Power/Forklift Market Projection
FUEL CELL SHIPMENTS |, g
= J Other % 12000
a 10,000
- Residential §, 2 800
Cogeneration C=
1' 855 § £ 6000
o Backup 5
- Power g 400
ﬁ 2,000
- P
o g
2008 2009F o
Copyright 2009 ITRI T 255 fliioek
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Global Trend & Status (cont’d)

® Markets of stationary products

2500 T/———————— - =
growing, due to economic, energy- £z | crmen ] 0
= = u g m = :§_‘ ;Tup performing - ' .A""ﬁ,\ Approxjmation
saving and emission mitigation 2 1500 || oontasmont | . ©.9% = npwp
- % 1000 | o H% ¢ & B € systems
benefits E S
N £ 500 "E;Q:.‘""“ﬂ
— Residential CHP market expected to grow ¢ s
via PV market growth model 5 ool %
P E - e -saving’®
— Backup power and forklift niche markets =, Energy-saving™ |
worldwide 20| ks OO i OO =
® No company with global presence £ = = Lo
g 150 e 2 SOamontn] . o oo "0 e el
‘ 3-Year Battery Replacement 5-Year Battery Replacement g 100 Z e o
= S : ,
: Dok
New [0 B b e PREC | = %0 p_——
o o T i) 8 o | 05 |
ol B CO2 reduction’ |
= i 1000 2000 3000 4000

61,326

36,609 Heat Demand (MJ/manth)

( 33901 32,014 )

75,575 \@,209 93__@/

"PEMFC is PEM fuel cell

28283 24,886

*Gen. is generator,

Copyright 2009 ITRI T 255 liioek
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Taiwan’s Strategic Targets and Roadmap

Cost of CHP system US$1500/kW @ 20,000 units/yr
Among the leaders in low humidity (MT) MEA and

2015
photo-electrochemical hydrogen production
technology

2000 2010 2020 2030 2040 2050
) RD&D ) ) Market Transition )) Market Expansion & Infrastructure ))Hydrogen Economy Realization) s = Realization

)Technology Validation )) Market Introduction & Expansion )) Comprehensive Deployment ) o of
) Fundamental Research Applled Research & Demonsttation ) ) Large Scale Commercialization ) ) Hydrogen Economy ) Fuel Cell &
R&D / Vah@ | Introductmn/Pr@ | Penetration and Mass Deployment Hydrogen

Key Components Era

Commercialization and Global Supply

I

/System Industry

Copyright 2009 ITRI T2 flatfFsehe

TR R 6

= Status & Trend in Taiwan

A Fast-Growing and Competitive Local Industry Centered around
Distributed, Stationary Applications

® An existing & maturing local supply chain of SMEs

® Reputable mass production expertise and network for small
industrial and consumer goods

Hydrogen DuPont Fuel Cell
| H2 Production | | H2 Canister | Catalyst Membrane MEA Stack Systems
:EP(; duct OH Bank ®Optodisc ®APFCT ®Syspotek
.Bgc :;.I ucts ®APFCT ®Enerage ®General-Optics ~ ®TSTI OTSTI
® Air Liquid ®Hau-Yang ONanya PC.E‘ eoUIC OEnerMaster
1 iquide ®Enerage ®Delta Elec. ®Delta Elec.
‘ ®Boyam OCHEM
eCPC ®TSTI ®cVionyx ®Taigene @ Celxpert
®Green Hydrotec ®Toplus ®Simplo
Methanol ®Polaray GDL Bi-polar BOP ®CHEM ®Coretronic
®Sentec O®APFCT
®Merck @CeTech oUIC ®KAORI ®Jemmytex
®Lee Chang Yung | giectrolyser | @Ample New ®En-liang ®TSTL ®Boyam
®Yonyu ®Delta Elec. ®Taipower
Methanol OEPOCH ®DHCO ®Phoenix
Cartridge ®General-Optics ®Motech
®Asia Vital Note : Excluding research institutes and universities

Copyright 2009 ITRI T Z&H: it 52k
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Composite Bi-polar Plate Volume Production

m Composite bi-polar plate
by injection molding,
complying DOE require-
ments

m Unelectra Intl. Corp. to be
the first specialized FC
component manufacturer
in Taiwan

Highly flexible bipolar plate

Property | DOE | S1 Co. | S2 Co. ITRI
Tensile 3000 psi | 3120 psi 2590 psi 3400 psi
strength @
25°C
Flexural 4000 psi | 6010 psi 4870 psi 6200 psi . e .
strength @ (Exhibited in 2007 Hannover Messe
25°C and 2008 Hamburg Exhibition)
Electrical 100 163 S/em 117 S/em 145 S/em
conductivity S/em 0.0068Q-
(XY Plane) cm
Corrosion 1.6 X105 | 5.1 x10”7 2.7 x10-6 1.9 x10”7
A/em? Alem? A/em? A/em?
Copyright 2009 ITRI T 255 fliioek
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" "Stack Technology Evolution

F — e

®Indirect visualization

®1- and 2-D flow simulation

5 kW

O FEA structural analysis

1.5 kW > 0.4W/em’@ 0.65V
X . .
" 0.31W/cm )
volume reduction by 27.4% .
X v

300w
0.15W/cm?
A

Lide | 1kw 300w
: 2 Stack Assembly
—_—a001. 2002 2003 2004 2005 2006 2007

Copyright 2009 ITRI T 24 o2k
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NG/LPG Reformer Development

ATR Reformer SMR Reformer (higher eff.)

H,-NG dual
fuel burner

Anti-flashback
valve

_ *H, Conc. 60~70% (stable at 60%)

*Op. Temp. 700~1000°C

*H, Conc. 40%~45%
*Op. Temp. 400~600°C

+ 100
0.024 |
® Novel catalyst formulas ﬁ / & P10%6 G0 Core.
. - PrOX3 H2 Conc. °
® Overall thermal efficiency =75% 0 [ o Proxs o Com. v
. 3 <
® [ess than 10ppm CO at stable operation § . oS
. g ooy z
® Turn-down ratio better than 1/3 G — S
S 0009 | 40 °\g.
Challenges: 3 g
© S
» Durability of material and manufacture 0004 | 2 F
» Control of CO concentration, with dynamic
. -0.001 0
loadlng 0:00 0:30 1:00 1:30 2:00 2:30 3:00 3:30
Elapsed time,hour
Copyright 2009 ITRI T &1l 7ele
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PEMFC & H, System Demonstration & Validation

ITRI South (2008)
AN | ;II'I E :—u-;,

Ly

Hanﬁiufg Exhibition (2008) - TPRI (2006)

Copyright 2009 ITRI T &1l 7elz
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System Performance Testing

55

45

SHCH)

40

3 kW Pure H, Power system |

50 —1:—)!. =====som===- ‘
.‘.r,;!' 7L .

1_.: /

35
1000 1500 2000 2500

3000 3500 4000 4500

YR RW)
3 kW NG CHP system | 100 |
40 ‘ ‘ ‘ ‘ : 1200 | 3 kW NG CHP system Endurance Test
! B0 [
35 " 1000
30 .. _
K25 [ ‘ ‘ ‘ ‘ . |80 = E &
# : : : ) 2 8
& 20 | | | o | | 600 }% L
B 5 SR S S, S | G| M
A . xon/off » .
% 10 7””7’?”’\’:””\””’\’ ””” [ N 400 m ..& / ; Fﬂg{ (ﬁﬁon/Oﬁ)-
s|od= b4 e o S ¢ ¥
0 500 1000 1500 2000 2500 3000 3500 & BE a6 B s G e ead dae ikéb
FRETIEREH (W) & &1 (Hr)
Copyright 2009 ITRI T 245k
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PEMFC CHP System Cost Analysis

® Initial material & machining cost share  pyel Cell Products (US) Value Breakdown '

of the stack is ~40%, reformer plus its
BOPs ~30% and the rest 30% for a
lab. CHP system, based on ITRI
experience.

® In terms of added-value, stacks and
systems are at the top, followed by
material and components.

Initial PEMFC CHP Cost Structure from ITRI
3%

17%

24%

1a% [JCell stack

3%

HmBOP

39%

O Cooling system

TABLE IV-2

COMMERCIAL FUEL CELL DEMAND
{millien dollars)

Item 1997 2002 2007 2012 2017
Total Fuel Cell Spending 382 860 1825 3655 6550
% commercial 11.0 9.9 9.6 26.7 50.4
Commercial Fuel Cell Demand 42 85 175 975 3300
Stacks & Systems 23 46 92 495 1750
Fuels 4 £ 16 180 750
Electronic Devices 4 B 19 100 300
Other Products & Services 11 23 48 200 500

=
Source: The Freedonia Group, Inc.

O Reformer-reactor
B Reformer-BOP ® Based on real experience,

BOPs & reformer are cost-
down resistors for the initial
market of limited volume

O Electrical system

Copyright 2009 ITRI T 255 liioek
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“** PEMFC Durability & Cost

® High temp (above 100°C) configurations could be the best
cost reduction option, considering the costs of water & heat
management and fuel processing of the current system
» New proton conductor, catalyst and bi-polar plate needed, with
sufficient durability
® The next best option may be low-humidity and medium
temp (80-90°C) configurations
» Chemically- and/or structurally-modified nafion-based membrane

» Complimentary stack and GDL design to minimize non-uniformity
effects

» Mitigation of trace contaminants in the fuel and air streams and from
BOP components
® Technology research & development suitable for long term
primary fuel feedstock

» Simplified fuel processing for bio-fuels, high-pressure electrolysis, and

etc.
Copyright 2009 ITRI T 245k

Collaboration Proposal

@® Joint Demonstration & Validation

CHP, backup power and other niche market systems in
Taiwan & UK

® PEMFC Products Development Collaboration
Niche market products for the EU market and worldwide
(joint development, ODM/OEM, BOP supply chain)

® Test Certification
Testing laboratory consulting services and mutual
recognition (test once and accepted in UK/EU)

® R&D Collaboration on PEMFC
Investigation into PEMFC durability issues and next-
generation PEMFC technology under FP7

Key Technologies Transfer from UK
Other Advanced Topics for Collaboration (H,
production & storage)

Copyright 2009 ITRI T 255 liioek
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UK Wind Energy

The Fourth Taiwan-UK Renewable Energy Round Table Meeting

Wind Prospect Group
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UK Onshore Wind

 Best wind resource in Europe.

« Joint 5™ in the world wind energy attractiveness index.

3,233MW (240 projects) operational; first one in 1991.

812MW (29 projects) currently under construction.

3,279MW (158 projects) have received consent.

7,386MW (264 projects) in development.

Target of at least 14GW by 2020.

UK Offshore Wind

e World leader in offshore wind

598 MW (8 projects) operational ~ 40% of total installed capacity

1,246MW (6 projects) currently under construction.

3,613MW (9 projects) have received consent.

2,639MW (5 projects) in advanced development.
Target of a further 25GW by 2020.




Policies and Programmes

* Bestincentives for offshore wind globally.
e Licensing rounds:

 Round 1-2001, 1GW

* Round 2 - 2003, 7.2GW
* Round 3 - 2009, 25GW

o Strategic Environmental Assessment (SEA) to consider the environmental
implications of leasing up to 33GW of offshore wind.

* New licensing regime for offshore electricity transmission to deliver cheaper and
more timely connections.

 Working towards a streamlined, single consents regime for large projects.

--------

Investment in Technology

 Energy Technologies Institute's Offshore Wind programme - £40m for design and
demonstration of novel offshore wind systems:

» Deepwater - To design a 5MW floating offshore wind turbine for deepwater
deployment.

* Nova - Prove the feasibility of a Novel Offshore Vertical Axis turbine.

* Helm Wind - Concept design and feasibility study of an offshore wind farm.




Investment in Technology

» The Carbon Trust Offshore Wind Accelerator - £30m over next 5 years to cut the
overall cost of offshore wind energy by 10%.

 Environmental Transformation Fund - capital grants for the demonstration of new
offshore wind technologies.

e Test facilities — Narec:

Independent centre for the development, testing and commercialisation of next
generation technologies for the global wind energy industry.

Turbine and blade testing (dual axis).

Developing the world's largest offshore wind drive train test facility rated at 15MW.

« Demonstrator projects:

Beatrice — 2006, 2x 5MW
Blyth — 2000, 2x 2MW

Supply Chain

» Decades of offshore oil & gas experience.

» Rapidly growing offshore wind specific supply chain:

MPI — ‘Resolution’, the world's first purpose-built offshore turbine installation vessel.
‘Discovery’ and ‘Adventure’ under construction.

JDR Cables — new quayside manufacturing facility.
Bifab, Converteam etc.

Clipper - Established a ‘Centre of Excellence for Offshore Wind’ in Blyth, to develop
the world's largest (10MW) offshore wind turbine.

Several wind turbine manufacturers looking at the UK for their next generation
manufacturing facilities.




European Offshore Windfarms

allt

Offshore Wind in the UK
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FuelCellToday

Informing the fuel cell industry

The state of the global fuel
cell industry and UK
expertise

Dr. Jonathan Butler

Senior Market Analyst - Asia
Fuel Cell Today

© Fuel Cell Today

FuelCellToday

Informing the fuel cell industry

Fuel Cell Today - an Independent Resource

FCT Consulting Website Fuel Cell Today
Annual Review
Three main types of analysis www.fuelcelltoday.com :
bl St 1. 15+ free reports - analysis on
1. Can we use a fuel cell to developments in the industry
power product X'? over the past year

2. We wantto use fuel cellsbut 2. Reports on potential future
what are our risks? developments in the industry
(application and region)

&
—

3.  What are the future markets
going to look like? 3. News, directory etc. etc.

© Fuel Cell Today
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Informing the fuel cell industry

2005 - 2008 Units Shipped

(“000s)
40 -
30"
20
101
0-
2005 2006 2007 2008
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© Fuel Cell Today

FuelCellToday

Informing the fuel cell industry

State of the global industry (2009)

+2008 shipments of fuel cells increased to
18,000 with a growth rate of over 50% from
2007

-A conservative estimate of current

manufacturing capacity is 170 MW (up from just
over 90 MW in 2007)

«In 2008 a number of new products became
commercially available

+Globally, new policy and legislation increased
the market pull for the technology

The issue of codes and standards is being
increasingly addressed




FuelCellToday

Informing the fuel cell industry

UK Fuel Cell and Hydrogen Expertise
- The UK has genuine pockets of industrial and commercial leadership throughout the

supply chain:

Proof of Proof of Proof of Proof of Proof of Proof of
principle concept viability scalability value CUELY

(Basic research) (Applied (Early demon- (Full demon- (Marketable (Warranted
research) stration) stration) product) product)

SRR

«» The UK has a thriving R&D sector with industrial links; a range of SME and larger
corporate players in component, stack and system manufacturing; and key early
adopters and ‘enablers’ such as financiers and market-technical consultants

/—\\
CARBON
TRUST

FuelCellToday

Informing the fuel cell industry

UK policy landscape

« EU Hydrogen and Fuel Cell Joint Technology Initiative (H2FC JTI)
« Microgeneration support strategy

« King Review of Low Carbon Cars

« EUR 1 billion RD&D funding available over next decade
« Possibility of support for fuel cell mCHP

- Fuel cell vehicles seen as a longer term (20-30 yr) prospect to meet CO, targets
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Carbon Trust

Key focus: carbon saving
potential
Breadth of low-carbon
innovation activities, from
R&D to demonstration, VC
investment and full
commercialisation
Seen as key partner by |P-
sensitive innovators,
especially universities, spin-
outs and SMEs
Track record of delivery for
~5 years
Track record of links from
innovation activities to policy
making
Independent from
Government and industry

TSB

Key focus: economic
benefit for UK
Wider coverage than low-
carbon/energy and
potential to leverage cross-
cutting disciplines
Established reputation with
business sector
Strong focus on networking
(KTNs) and skills transfer
(KTPs)

Role in encouraging
increased R&D spend in
private sector
Independent from
Government and industry

ETI

Key focus: route to
market
Significant scale of funding
available
Potential to fund projects at
100% due to combined
public/private funding
Industry backed with direct
route to market via
industrial members
Access to management
and engineering
capabilities within industrial
members
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Fuel Cells (Scotland) Ltd

ACAL ENERGY

UK

companies
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Johnson Matthey Fuel Cells

the perwer within

CeresPower:

QinetiQ




Imperial College
London

* PEM Research: Optimisation of
catalyst layer in fuel cells through

explicit design v d
eveloper

Imperial College, London

* SOFC Research: cathode, anode
and electrolyte development. Spin-
out: AlM-listed Ceres Power mCHP

IRG02
48V Architecture
8kW Hydrogenics FC
Lemco LEM200 (2x)
Supercapacitors
NI Compact Rio VMU

Hydrogen Storage
5L @ 200bar

|74 FORMULAZERO

IRGO1
48V Architecture
1.2kW PEM Fuel Cell
Lemco LEM200 (2x)
48V x 800A Battery

IMECHE

Liquid-cooled AC drive

IRGO3
300V Architecture
19kW Ballard Mk9 FC
Independent 4WD

NI Compact Rio VMU

Formula Student

Institution of Mechanical Engineers




L Loughborough | oughborough University

University

FuelCellToday

UNIVERSITY©F
BIRMINGHAM

« 10 large cylinders, each containing hy
30 kg of metal hydride powers

» Gives about 5 kg of hydrogen.
» Operating pressure is < 10 bar
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Component manufacturers

NAME ORIGIN/TECHNOLOGY/ BUSINESS AREA

Bac2 Conductive Composites Start-up. Bipolar plates using novel materials science.

CMR Fuel Cells Start-up. DMFC component and stack manufacturer.

Dek Printing Machines Corporate. Substrates and membrane printing
technology.

Johnson Matthey Fuel Cells Corporate. PEM and PAFC component manufacture.

Oxford Catalysts University spin-out. Hydrogen-on-demand

llika University spin-out. Materials research.

FuelCellToday
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Stack/system manufacturers

NAME ORIGIN/TECHNOLOGY/ BUSINESS AREA

Acal Energy Spin-out. Platinum-free electrode technology.

Adelan Spin-out. Small-scale tubular SOFC

Ceramic Fuel Cells Limited (CFCL) Start-up. Residential SOFC CHP developer, tie-in with
utilities.

Ceres Power Spin-out. Residential SOFC CHP developer, tie-in with
utilities.

CMR Fuel Cells Start-up. DMFC component and stack manufacturer.

Intelligent Energy Spin-out. Stack; system; fuel processing. Product
Stack: 1-75kW PEM unit.

Rolls Royce Fuel Cell Systems Corporate. SOFC manufacturer of ‘power plant’ (100s
kW - MW) scale.

St. Andrew’s Fuel Cells. Spin-out. Tubular SOFC technology.

Voller Energy Start-up. Portable PEM systems integrator.
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System integrators and consultants

NAME ORIGIN/TECHNOLOGY/ BUSINESS AREA

Element Energy Engineering consultancy with emphasis on fuel
cells

Logan Energy Systems integrator with experience of installing
SOFC and PEM units in buildings

FuelCellToday
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Adopters/enanplers

NAME TECHNOLOGY/ BUSINESS AREA

CoreTech Ventures Small VC and advisory company, highly focused on
fuel cell techs

Conduit Ventures Small VC company, focused on wider cleantech
industry but with strong emphasis on fuel cells

Black Country Housing Association Innovative Housing Association with experience of
installing and running fuel cells in residential
applications and at the University of Birmingham.

LHP/TfL Transport for London’s hydrogen vehicle project will
see 60 H2 fuel cell and ICE vehicles on London’s roads
by 2010.

Pure/Unst Hydrogen/Fuel cell/Renewable research centre in the
Shetlands. Innovative hydrogen community project.

UPS Systems Fuel cell in UPS Systems office (UPS the fuel cell

company, not the delivery company!).

Woking Borough Council Installed 200 kWe fuel cell on private wires,
groundbreaking project for the UK.
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Dr. Jonathan Butler

Senior Market Analyst, Asia

jonathanbutler@fuelcelltoday.com

www.fuelcelltoday.com

FuelCellToday

Informing the fuel cell industry

* 900deg
* 10bar
* 55% efficiency

_Arr_, LSM-YSZ
A cathode

Fuel \

Porous Ni-YSZ anode ysz
support electrolyte

www.rolls-royce.com/energy/tech/fuelcells.jsp
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* 1 kW fuel cell stack * Market target:
* 600deg CGO « Wall-mounted CHP unit replacing
* Metal-supported boiler

www.cerespower.com

Informing the fuel cell industry

* MicroFC (tens of W) * Market target:

* Selective catalysts * Portable electronics

* Working with ODM on system

. * Remote monitoring
manufacturing

www.cmrfuelcells.com
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* High power density metal plate technology
* Automotive and Stationary

www.intelligent-energy.com
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» 800deg YSZ
* Multinational company
* Commercial product agreements

www.cfcl.com.au
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LIFECAR

Hydrogen tank Fuel cells
Ulira-capacitors .

braking

Lightweight wooden
seats

¢ Lightweight aluminium
chassis
SOURCE: Morgan Motor Company
-

www.ginetig.com

* 10kW PEM
* Morgan vehicle
* Novel structures




